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ABSTRACT 
iii 
The major problem facing air transportation for tge next decade 
is aircraft noise. · The noise level due to the operation of large jet 
aircraft has created a very serious annoyance problem to the people 
living near or adjacent to jet airports. The noise problem has devel-
.oped both for take-off and landing operations of thes~ aircraft. with 
take-off noise causing the greatest annoyance factor. 
A technique called Noise E~posure Forecast (NEF) has been de-
veloped to identify the annoyance factor of these noises to people and 
activities on the ground. With these NEF ratings or numbers, planners 
can better d~termine the type of buiidings and activities to locate in 
the vicinity of airports. 
This paper presents a computer method for determining NEF areas 
or contours which eliminate the necessity of performing laborous hand 
calculations and iterations normally required to determine a given NEF 
locus about an airport. A land use compatability table showing land 
use versus NEF numbers is given on page 3. ·A sample computer progr am 
is given on pages 21 through 25 of the appendix and a sample computer 
output page is given on p~ge 26. The computer technique developed for 
this paper can be used for any airport. 
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The impact of aircraft noise on the development and use of 
land near airports has caused serious and continuing problems in many 
communities. Effective land use planning has been limited by lack 
of knowledge of what noise levels to expect with future types of air-
craft and rapidly changing aircraft operations; there have been 
problems of noise measurement and of interpreting the noise in terms . 
of the probable effect on people and on the varied activities of 
people. All of the scientific and technic~l problems have not been 
solved, and many of the hazards of making long range forecasts in a 
rapidly developing field of technology still remain. However·, suf-
ficient studies have been undertaken in recent years to permit the 
development of practical engineering guides for establishing the in-
fluence of aircraft noise on many important work tasks and activ-
ities. (1) 
Problems brought on by intrusion of aircraft noise into 
communities are complex. More than half-a-dozen variables such as 
noise . duration, spectral shape of the noise, temporal pattern of the 
noise, background noise in which the aircraft noise is immersed, etc., 
are required to describe the noise stimulus. Evidence is strong that 
other considerations beyond noise are involved in the response of 
people in the community to aircraft noise. (2) 
When exposure to noise is considered, we generally think 
only in terms of the "noise level." · Although this is a major factor 
2 
in a description of the noise st'imulus, m~ny other factors must also 
be taken into account to provide a reasonably complete and meaningful 
specification. --~useful descrip~ion of any wide-band noise must 
specify both its overall intensity or sound pressure level and the 
distribution of this sound throughout the frequency spectrum. If 
the sound is an intermittent one, as are most aircraft noises, the 
duration of each. occurrence must be described, and the rate of 
occurrence must be considered. In addition, the rate of rise or fall 
of the level of a time-varying sound must be specified if we are to 
accurately characterize the sound. There· are further complications 
such as the presence of pure tone or narrow-band components in a 
broad-band noise also to be considered. (3) For land use planning 
in the vicinity of and adjacent to airports that service large jet 
aircraft, a method of determining noise exposure of any given area 
as a function of its relative location to an airport is imperative. 
With the Noise Exposure Forecast (NEF) number determined for a given. 
location, the type of land use ·(e.g., residential, commercial, indus-
trial, etc.) can be determined by the use of empirical data showing 
the effects on people or activities of that particular NEF number. 
For NEF numbers under thirty, there is little interference with 
normal activities; NEF numbers over forty are associated with serious 
noise problems. (4) A more detailed breakdown of NEF number versus 
land use suitability is given in the Table. 
This paper outlines a computer technique for determining 
NEF area, resulting from take-off and landing operations in the 
TABLE 
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30 - 40 Note (b) I yes Note (c) Note (c) no no rto yes yes 
.. 
> 40 no 1 Note (c) no no no no no yes !Note. 
(c) 
NOTE: (a) . A detailed noise analysis should be undertaken by qualified personnel for all indoor 
or outdoor music auditoriums and all outdoor theaters. 
(b) Case history experience indicates that individuals in private residences m.ay complain, 
perhaps vigorously. Concerted group action is possible. New single-dwelling con-
struction should generally be avoided. For apartment construction, Note (c) applies. 
(c) An analysis of building noise reduction requirements should be made and needed noise 




vicinity of airports. NEF areas are based upon the aircraft noise 
described in term3 of the effective perceived noise levels (which 
include corrections for duration of exposure and the presence of 
discrete frequencies) plus adjustments for the number and type of 
operations, the time of day, and the mixture of aircraft types. The 
selection of appropriate criteria for aircraft noise is based upon 
established parameters for steady-state noise with the addition of 
adjustment factors for the transient nature of aircraft flyover 
noise. These adjustment factors are based upon consideration of the 
effects of intermittent noise on speech communicati0n, and take into 
account the frequency of occurrence and the importance of speech com-
munication to the given work activity. The NEF computation technique 1 
II 
in this paper may be utilized to describe the noise exposure environ- I 
ment in the vicinity of any airport. (5) NEF procedures provide 
estimates of the total noise environment arising from the multiple 
operations of aircraft during .take-off and landing operations in the 
vicinity of an airport. The NEF values are calculated from knowledge 
of: (a) the aircraft flyover noise described in terms of the effec-
tive perceived noise level (EPNL), and (b) the average number of 
flyovers per daytime and nighttime periods. (6) The basic equations 
for calculating the NEF values at a given ground position will be 
presented later in the method of analysis. 
The first step in determining NEF areas is to obtain a 
description of the aircraft operations expected at the airport under 
study . . For flight operations, the following information is required: 
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the aircraft type, the number of take-offs and landings, tpe percent-
age utilization _~f_ each runway, and the track and profile geometry of 
the flight paths used. (3) For a particular airport, day and night 
runway utilization apd aircraft data are supplied as input to the 
computer. The computer output consists of NEF distances, which are 
distances from the _runway or flight track to ground locations having 
_a specified NEF value. With this information, contours of_ various 
NEF numbers can be constructed on a map of the area adjacent to the 
airport, and land use can be planned b~sed upon these NEF areas. 
Noise Exposure Forecast contours should be of interest to 
those concerned with the planning and development of compatible land 
(local, state and federal) concerned with community planning, urban 
renewal, or the development of public airports in the United States.(3) 
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DEFINITION OF TERMS USED -- -
Noise Exposure Forecast (NEF) 
Cumulative noise exposure accounting for frequency of opera-
tion and time of day. (4) 
Perceived Noise Level (PNdB) 
A quantity calculated from measured noise levels that cor-
relates very well with one's subjective response in terms of annoy-
ance and noisiness to various kinds of aircraft noise. (1) 
Effective Perceived Noise Level (EPNdB) 
Perceivt?d noise level with pure tone, and duration correc-
tions. (4) 





decibels, where p ·is the rms sound pressure, 
and p is a reference sound pressure (usually 0~0002 dynes per square 
0 
em., which corresponds approximately to the threshold of hearing at 
1,000 hertz). (7) 
Decibel (dB) 
A dimensionless unit which compares the magnitude of powers 
on a logarithmic scale. The number of decibels expressing the rela-
tive magnitudes of two powers is ten times the logarithm to the base 
ten of the ratio of the powers. Since the square of sound pressure 
-
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corresponds to the power, the corresponding expression for sound 
pressure level . becomes twenty times the logarithm to the base ten 
of the ratio of the pressures. (7) 
NEF Distance (Y) 
The distance perpendicular to the flight track at which the 
desired NEF value occurs •. (5) 
8 
; 
LIMITATIONS OF THE STUDY 
The procedures of this paper do not take into account ground 
absorption and impedance; changing jet exhaust noise generated due to 
the accelerating sound source and changing effective jet velocities; 
and ground run-ups and ground operations. A recent study, using 
microphones placed at several locations to the side of an· active run-
way, shows quite a consistent decrease in the perceived noise level 
between the start of take-off roll and the ~pproximate point of lift-
off. On the average, this noise drop is about five PNdB. The values 
computed by the . techniques of this paper will therefore, give slightly 
higher noise levels for the 4,000 or so feet of take-off roll. How-
ever, the NEF procedures given in the references did not account for 
landing aborts or ILS practice approaches, where the aircraft does 
not land but flies over the runway at several hundred .feet. There-
fore, some conservatism in the NEF areas is desirable. 
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METHOD OF CALCULATION - .. -
From reference (5), the effective perceived noise level may 
be defined as: 
where, 
EPNdB PNdB + D + F 
PNdB = maximum calculated perceived noise level .at any 
instant of time during the flyover 
D = ten log t/15, where t is the time interval in 
seconds during which the noise level is within 
ten dB of the maximum ·PNdB 
(1) 
F = correction for the presence of discreets frequency 
components 
The total noise exposure at a given point may be viewed as 
being composed of noise produced by different aircraft flying along 
different flight paths. For aircraft classification ·i on flight 
path j, ·the NEF .. can be expressed as follmvs. 
l.J 
For daytime (0700-2200)* operations: 
~(ij) 
. NEFD(ij) = EPNdB(i) + 10 log ~ 
For nighttime (2200-0700)** operations: 
NEFN(ij) 
~(ij) 
= EPNdB(i) + 10 log ~ 
* 7:00 a.m. to 10:00 p.m. 














_ ND(i) p ij 
~(ij) - 100 
NN(i) pi. 






average number of take-offs or landings per active 
day of aircraft classification i for the entire 
airport. As noted by the D and N subscripts, 
separate computations are made for ·daytime and 
nighttime operations 
average utilization of flight path or runway j for 




:::n Equo.tiv.LJ. (2a) the size of ~ has ~een selected so that the 
correction for number of operations during daytime hours is zero for 
20 operations per day. The correction is consistentwith the correc-
tions of previous techniques used in generating noise contours 
around airports. (8) 
The ratio of ~ to ~ in Equation (2a) and (2b) has been 
selected so that for the same average number of operations per hour 
throughout the day, the NEF correction will be ten greater for the 
nighttime operations. 
Taking into account the normalization factor, C, and the 
adjustment factors for number of operations, Equation (2) can be 
rewritten as follows. 
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For daytime operations: 
.NEFD(ij) = EPNdB(i) + 10 log ~(ij) - 88 (4a) 
For nighttime operations: 
NEFN(ij) = EPNdB(i) + 10 log ~(ij) - 76 (4b) 
The total noise exposure at ·a ground position using the 
larger of the daytime and nighttime values, is given by the addition of 
the NEF values on an energy basis for the different aircraft classi-
fications. 
For flight path j, we have: 
NEFj = 10_ log ~ antil~glO 
l. 
(NEF .. ) 
l.J 
.10 
Where the noise exposure at a given position would be 
(5) 
affected by noise from several operations or flight paths, the total 
noise exposure is based upon the addition on an energy basis of the 
NEF values for the separate flight paths: 








NEF COMPUTER PROCEDURES 
The computer procedures for determining NEF contours were 
developed using Fortran IV computer language. The program was de-
signed to generate NEF distances at 2000 foot intervals along the 
active runway or flight track when supplied the following input data: 
1. NEF number of desired contour (DNEF) 
2. Aircraft classification (ACFT) 
3. Average number of daytime operations (ND) 
4. Average number of nighttime operations (NN) 
5. Percentage of runway utilization (P) 
U~=:in~ ~'!11et:inn"l (3) throu3h (11) plus lilPNdB and flight path 
data, the computer first determines at what distance along the flight 
path the NEF contour converges with the flight path. This is 
accomplished by setting altitude (Z) equal to the slant distance (See 
Figure 4) for the desired NEF number. The distance along the flight 
path can then be determined from a curve fit equation of Figure 1. 
The computer uses this information to determine how far along the . 
flight path the NEF distances are to be computed. 
For computing take-off NEF contours, EPNdB values are obtain-
ed from a graph subroutine of Figure 2, and the NEF distance is com-
puted using an iterative process (described in Reference 5) beginning 
at the start of take-off roll (FP=O). This procedure is repeated 
-
13 
every 2000 feet along the flight path using the data of Figure 1, 
(i.e., curve fi-t -t-ing) to determine altitude~ until the flight path 
distance previously calculated for NEF closure is reached. Computer 
output consists of "Distance to Take-off Start" and "NEF Distance 
Normal to Flight Path." 
The same pkocedure is used to determine the NEF contours for 
- approach. A graph subroutine of Figure 3 is used for ·EPNdB deter-
mination, and a three degree glide slope is assumed for · computing 
altitudes. 
Figure 4 shows a hypothetical NEF 3.0 contour and a typical 
solution for a specific example is presented on page 26. 
A sample computer program for take-off operations is shm\-rn 




















































































































































































In the years following the introduction of jet propelled 
aircraft it was discovered that the noise level due to the operation 
of these aircr aft created a very serious annoyance problem to the 
people livi ng in the neighborhood of jet airports. The problem was 
concerned primarily with take-off of aircraft although, with the 
new large (j umbo) turbofan aircraft, there was increasing evidence 
of landing noise becoming_ a problem. 
Noise Exposure Forecast (NEF) procedures have been developed 
in the studies of reference (5) and the procedures in this p~per were 
tfevelopPd 11~=:in~ t:he Pqu;:~. tions ::tnd values from this reference. Since II 
computation and plotting of noise contours for aircraft flight move-
ments was a tedious task for the analyst, computer routines to 
utilize the analytical and graphic descriptions of flight patterns 
were developed for computing contours that may be displayed or plotted 
as map overlays. 
With jet aircraft traffic continually increasing, land us~ 
planning at future airport sites and in the vicinity of existing air-
ports will require more and more aircraft noise impact predictions. 
Computer methods such as the one described in this paper for determin-
ing NEF contours around airports. should be of great value since NEF 
areas have differing land use compatability with respect to aircraft 
19 
noise . When studies of existing or new airport sites are performed 
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